Objective: After aortic valve replacement, the effects of a small functional prosthesis on the extent and pattern of regression of left ventricular hypertrophy and on clinical outcomes may be less significant in older patients with low cardiac output requirements. The objective of this study was therefore to determine whether patient-prosthesis mismatch affects left ventricular mass regression in the elderly. Methods: The population studied was made up of 88 patients over 65 years of age with pure aortic stenosis who underwent mechanical aortic valve replacement. The effective orifice area index was calculated for each patient on the basis of the projected prosthesis in vivo effective orifice area. It was considered a continuous variable and influence of its entire range of values on the extent of left ventricular mass regression was analyzed in a multivariate prediction model. Results: Even though, in the group with prosthesis-patient mismatch there was a trend for lower postoperative left ventricular mass index (115 AE 24 g/m 2 vs 102 AE 27 g/m 2 , p = 0.24) and postoperative peak trans-prosthetic gradients (32 AE 9.8 mmHg vs 28.9 AE 7.79 mmHg, p = 0.35) these differences were not statistically significant. The prevalence of residual left ventricular hypertrophy at follow-up was 50% in the group with patient-prosthesis mismatch and 50% in the group without patient-prosthesis mismatch ( p = 0.83). In multivariate analysis the only factors associated with indexed left ventricular mass were the follow-up time ( p = 0.015, r 2 = 0.22) and preoperative indexed left ventricular mass ( p = 0.0012, r 2 = 0.11). Conclusions: The major finding of our study is that patient-prosthesis mismatch does not affect left ventricular mass regression in patients older than 65 with pure aortic stenosis who underwent mechanical aortic valve replacement. In older patients with low cardiac output requirements, even a small change in the valve effective orifice area after aortic valve replacement with modern efficient mechanical prosthesis, will result in a marked reduction of pressure gradient and this will be associated with a significant regression of left ventricular mass. #
Introduction
In patients with aortic valve stenosis, left ventricular hypertrophy (LVH) develops as an adaptive process in response to elevated pressure in the left ventricle. Aortic valve replacement (AVR) is effective for relief of excessive afterload, but significant LVH often remains following AVR. Because severe LVH is a well-known hazard of cardiac events [1, 2] , its regression is a major concern. Lund et al. [3] recently showed that the indexed left ventricular mass (ILVM) and its regression following AVR is closely linked to long-term survival. After AVR, prosthesis-patient mismatch (PPM) occurs when the effective prosthesis area is consistently smaller than that of a normal valve [1] , and it has been reported to be a predictor of postoperative elevated trans-valvular gradients and residual LVH [1] [2] [3] .
However, other studies have shown the absence of any proof of a PPM effect on left ventricular mass regression and survival [4] [5] [6] [7] .
The effect of PPM after AVR on LVM regression should be analyzed using homogeneous criteria in terms of population (patients' ages, type of implanted prosthesis). Most observations have been made on groups of patients with a wide age range. The impact of age and, therefore, of various levels of physical activity on the extent of myocardial mass regression may be a frequent confounding factor in studies on the consequences of aortic valve prosthesis-patient mismatch. In this context, most investigations have concluded that the wide range age of the patients may have contributed to the difference of findings, making result interpretation difficult. The influence of a possible mismatch on the extent and pattern of regression of left ventricular hypertrophy and on clinical outcomes may be less significant in older patients with low cardiac output requirements. This could explain why some patients with PPM may exhibit substantial regression of LVM. The objective of this study was therefore to determine whether PPM affects LVM regression in elderly patients with pure aortic stenosis who underwent mechanical AVR on longterm follow-up.
Materials and methods
The study population was made up of 88 patients over 65 years of age with pure aortic stenosis who underwent mechanical AVR between September 1991 and April 2000. The choice of mechanical valve had been dictated by patient-surgeon preference. Patients with more than mild aortic regurgitation, previous myocardial infarction, previous cardiac surgery and concomitant surgical procedure were excluded. The implanted prostheses were Carbomedics bileaflet (20 [8] , divided by the body surface area (BSA), as indicated by Pibarot et al. [9] . This index was considered an expression of the individual functional prosthesis size; a possible mismatch was defined as an IEOA less than 0.75 cm 2 /m 2 , a generally accepted criteria for a prosthesis size-patient body size mismatch [2, 10] , and was classified as a grouping variable to divide the patients into two study groups. Due to the arbitrary definition of the 0.75 cut-off value, the IEOA was also considered a continuous variable and influence of its entire range of values on the extent of LVM regression analyzed in a multivariate prediction model and as indicated in the data analysis section.
Doppler echocardiographic measurements
The preoperative and postoperative echocardiographic examination were performed by experienced echocardiographers using a Sonos 2500 or Sonos 5000 machine (HewlettPackard, Andover, MA, USA), interfaced with a 2.5-MHz transducer. The dimensions of the LV were assessed using two-dimensional guided M-mode tracings, with the measurements being made according to the recommendations of the American Society of Echocardiography (ASE) [11] . If the Mmode recordings were technically inadequate, two-dimensional measurements were used. LVM was calculated with the corrected ASE formula [12] :
where IVS d is the end-diastolic interventricular septum thickness; LVID d , the LV end-diastolic internal diameter; and PWT d is the LV end-diastolic posterior wall thickness. Residual LVH was defined as an ILVM more than 131 g/m 2 in males and more than 100 g/m 2 in females [13] . Left ventricular systolic performance was evaluated by means of the ejection fraction calculated using Simpson's rule. The peak and mean valve gradients were calculated using the modified Bernoulli equation.
Statistical analysis
The data were statistically analyzed using MedCalc Software. Comparisons of baseline variables between groups were performed by the t-test, x 2 -test, or the Fisher exact test, as appropriate. The projected prosthesis in vivo IEOA was considered as a continuous variable with several patients and prosthesis related factors, and included in a correlation analysis to identify variables associated with postoperative ILVM. The Spearman's coefficient of rank correlation was used for categorical variable. Only those factors that were significantly correlated with postoperative ILVM were included in a multiple linear regression model to identify predictors of the final ILVM. The possible predictors analyzed were gender, age, body surface area, history of diabetes, hypertension of chronic pulmonary obstruction disease (CPOD), preoperative creatinine, follow-up time, prosthesis size (manufacturer's labeled size), the projected prosthesis in vivo EOA, IEOA, preoperative ILVM, preoperative left ventricular ejection fraction (LVEF), and preoperative and postoperative peak trans-prosthetic gradients, the peak trans-valvular gradient absolute regression, and the type of implanted prosthesis. Variables are presented as mean AE 1 standard deviation. A probability ( p) value less than 0.05 was considered statistically significant.
Results
The patients' preoperative and operative characteristics are shown in Table 2 analysis the only factors associated with final ILVM were follow-up time ( p = 0.015, r 2 = 0.22) and preoperative ILVM ( p = 0.0012, r 2 = 0.11) ( Table 4 ). The relation between preoperative ILVM and final ILVM is presented graphically in Fig. 1 .
The New York Heart Association functional class improved significantly at follow-up (2.5 AE 0.7 vs 1.34 AE 0.54, p < 0.00001) with no difference between groups ( p = 0.49).
Discussion
Patient-prosthesis mismatch after AVR has long been considered to influence LVM regression and long-term survival [14] . However, the evidence to support the theory that PPM produces poor LVM regression is not abundant. In fact, Hanayama et al. [4] found that patients with and without PPM were similar with respect to postoperative left ventricular mass index, 7-year survival (95.1 AE 1.3% vs 94.7 AE 3.0%; p = 0.54). Amarelli et al. [15] ). In contrast, Del Rizzo et al. [16] found a strong relationship between the IEOA and the extent of LVM regression following AVR. Also, Tasca et al. [17] found that the absolute and relative left ventricular mass regression were significantly ( p = 0.002 and p = 0.01, respectively) lower in patients with prosthesispatient mismatch (À48 AE 47 g, À17 AE 16%) compared to those with no prosthesis-patient mismatch (À77 AE 49 g, À24 AE 14%). However, it should be emphasized that in this study all patients have received a bioprosthesis and the projected IEOA was derived from the published normal in vitro EOA values for the type and size of implanted prosthesis divided by the patient's BSA. Physiological studies have shown that in vitro EOAs tend to overestimate in vivo EOAs by 10-15% [18] [19] [20] . These aspects could make it difficult to compare the results reported by Tasca with our findings.
It must be noted that most observations have been made on groups of patients with a wide age range. In this context, the wide range of the patients' ages may have contributed in most investigations to the difference of findings, which makes it difficult to interpret the results. The influence of a possible mismatch on the extent and pattern of regression of left ventricular hypertrophy and on clinical outcomes may be less important in older patients with low cardiac output requirements.
The major finding of our study is that PPM does not affect LVM regression in patients older than 65 years with pure aortic stenosis who underwent mechanical AVR on long-term follow-up. The results of the present study suggest that in older patients with low cardiac output requirements also small change in valve EOA after AVR with modern highly efficient mechanical prosthesis will result in a marked reduction of pressure gradient and this will be associated with a significant regression of LVM. Previous studies have found that the relationship between IEOA and trans-valvular pressure gradients is curvilinear, and the turning point on this curve, the point that separates the steep from the flat portion of the curve, is close to an IEOA of 0.8-0.9 cm 2 /m 2 [18] [19] [20] [21] . Below this threshold, the curve is steep, and, as a consequence, a small change in valve EOA will result in a major reduction of pressure gradient. Our results confirm that the reduction of pressure gradient obtained with small functional prosthesis will result in significant LVM regression. However, as reported with other studies [4, 22, 23, 17] , we found residual LVH in 50% of studied patients at follow-up. The incomplete regression of hypertrophy after the removal of the hypertrophic trigger may be explained by potentially irreversible changes in the hypertrophied myocytes and interstitium that may occur as a consequence of longstanding disease [24] [25] .
Study limitations
In the present study, the functional prosthesis size was expressed by means of the Doppler IEOA, which is a clinically estimated measure and varies in different physiological conditions. However, use of the Doppler IEOA for evaluation of the individual prosthetic valve performance has been validated by Dumesnil et al. [18] , and it has been widely applied to estimate the prosthesis-patient size and a possible mismatch. It could be argued that in our series no individual measurements were performed, but prosthetic EOAs were estimated according to published reference values for the various types of valve prosthesis.
The multivariate model obtained in this study only explains 58% of the variance of final LVM (Table 4 ). This suggests that other factors may also influence the regression of LVH.
